TILs following neoadjuvant therapy were independent prognostic factors and affected the total survival of patients subjected to neoadjuvant therapy for the treatment of rectal cancer. Moreover, the effects of NAC and NACR on the tumor microenvironment may be different.
Abstract. The tumor microenvironment contributes to the survival and development of tumor cells and is therefore a key target for cancer therapy. The tumor microenvironment has unique physical and chemical properties and is associated with inflammation and immunity. To examine the correlation between tumor microenvironment-associated factors and the efficacy and prognosis of neoadjuvant therapy for rectal cancer, and to compare the differences between two treatments [neoadjuvant chemotherapy (NAC) vs. neoadjuvant chemoradiotherapy (NACR)], an immunohistochemical method was used to measure the expression levels of CD4 
Introduction
Rectal cancer is a common malignant tumor of the digestive tract (1) . The recurrence and mortality rates of rectal cancer are high due to the unique anatomy of the rectum. The standard treatment for locally advanced rectal cancer is preoperative concurrent chemoradiotherapy or short-range radiotherapy+total mesorectal excision+postoperative adjuvant chemotherapy. Neoadjuvant therapy may improve the anus preservation rate and reduce the risk of tumor recurrence. However, the efficacy of neoadjuvant therapy is variable and little is known about the factors associated with therapeutic efficacy. The disadvantages of therapy failure include delayed surgery and immunosuppression. The tumor microenvironment comprises immunological cells with local infiltration of cancer stromal cells together with their secreted active mediators and tumor cells. In the 1880s, Paget (2) established the concept of 'seed and soil'. As a 'soil,' the tumor microenvironment provides the basis for tumor occurrence, development, invasion and metastasis (3) . Tumor-infiltrating lymphocytes (TILs) are an important component of this microenvironment and serve a vital role in tumor progression and treatment outcome. However, alterations in the expression levels of TILs in the tumor microenvironment, pre-and post-neoadjuvant therapy, are not fully understood.
Cluster (4) . Regulatory T cells (Tregs) are a subgroup of T cells that inhibit the immune response to autologous tumor cells, and this inhibition is considered the main cause of the failure of immunotherapy (5) (6) (7) (8) . The transcription factor forkhead box P3 (Foxp3) is considered to be the most specific Treg marker. Tregs may inhibit T cells by expressing cytotoxic T lymphocyte-associated antigen-4 (CTLA-4), which binds to B7 molecules on the surface of activated T cells. It also reduces the activation of T cells and degrades activated T cells by combining with CD80 and CD86 on the surface of antigen presenting cells, which converts transduction signals, producing indolamine 2,3-dioxygenase and degrading tryptophan (9) . Previous studies have reported that Foxp3 may be associated with poor prognosis; however, its role in the prognosis of rectal cancer is controversial. In addition, the activation of T cells requires the concomitant release of secondary signals by costimulators (10, 11) . CTLA-4 inhibits the activation of T cells by interacting with B7 (CD80/CD86) (12) , and previous studies have reported that CTLA-4 is associated with poor prognosis (13, 14) . Another inhibitor located on the surface of T lymphocytes, B7-H1 (10), also known as programmed death ligand-1 (PD-L1), is expressed in T cells, B cells, macrophages and dendritic cells, and its expression is upregulated following the activation of antigen-presenting cells. PD-L1 may inhibit the proliferation of T cells and the production of cytokines in T cells by combining with PD-1, and thus serves a critical role in immune tolerance and escape (15, 16) . It has been reported that PD-L1 is upregulated in numerous malignant tumors, including melanoma, lung cancer, renal cell carcinoma, ovarian cancer, colorectal cancer (17) , breast cancer (18) and osteosarcoma (19) , and may serve an important role in tumor-immune system interactions (20, 21) .
In the present study, the clinical treatment and prognosis of rectal cancer was evaluated by selecting immune markers associated with tumor progression in TILs, including CD4, CD8, CTLA-4, Foxp3 and PD-L1. Alterations in the tumor microenvironment were assessed pre-and post-neoadjuvant therapy by immunohistochemistry (IHC), and the tumor microenvironment, curative effect and prognosis of rectal cancer were compared between neoadjuvant chemotherapy (NAC) and neoadjuvant chemoradiotherapy (NACR).
Materials and methods
Patients. The present study investigated 109 patients who underwent neoadjuvant therapy in the Shanxi Provincial Cancer Hospital (Shanxi, China) between January 2012 and December 2015, of whom 50 patients were treated using the FOLFOX4 regimen every 2-3 weeks (3 days of chemotherapy + 2 weeks of rest) for two to four cycles of preoperative chemotherapy, and 59 patients were treated with chemoradiotherapy. In the latter group, the total dose of radiotherapy was 25-50 Gy, and two to four cycles of the FOLFOX4 regimen were provided during the same period. The Research Ethics Committee of the Shanxi Cancer Hospital approved the study and patient consent was obtained.
Tissue microarray. Tissue microarrays consisted of paraffin blocks in which 48 separate tissue cores were assembled in an array. The paraffin blocks were from 109 patients with rectal cancer who had undergone neoadjuvant treatment. A hollow needle was used to remove tissue cores as small as 1.8 mm in diameter from regions of interest in paraffin-embedded tissues. These tissue cores were inserted in a recipient paraffin block in a precisely spaced array. The tissue microarray block was placed upside down on the slide, incubated in an oven at 55˚C for 10 min, and cooled to room temperature. The tissue cores and the recipient paraffin fusion blocks were repeatedly produced. Sections from these blocks were cut using a microtome, mounted on a microscope slide, and analyzed using a microscope.
IHC. All biopsy specimens collected prior to treatment and resected specimens collected following treatment were analyzed using IHC. The paraffin sections (3 µm) were dewaxed in xylene and hydrated in gradient ethanol solutions, and antigen retrieval was performed in a microwave for 2 min. The tissue slides were incubated in 3% hydrogen peroxide for 10 min, and non-specific binding was blocked using normal goat serum (SP900, working solution; OriGene Technologies, Inc., Beijing, China) for 5-10 min at 25˚C. The slides were washed in PBS and incubated with the primary antibody at 4˚C overnight. The slides were again washed in PBS, incubated with the secondary antibody (GK600705A, goat anti-mouse/rabbit IgG, multimer, working solution; GeneTech Biotechnology Co., Ltd.) for 30 min at 25˚C, and visualized for 5 min with a diaminobenzidine color reaction kit (GK347005; GeneTech Biotechnology Co., Ltd.) at 25˚C. The slides were counterstained with hematoxylin for 50 s at 25˚C, dehydrated and mounted following transparency. The primary antibodies were as follows: CD4 (cat. no. EP204; GeneTech Biotechnology Co., Ltd., Shanghai, China); CD8 (cat. no. C8/114B; GeneTech Biotechnology Co., Ltd.); CTLA-4 (cat. no. sc-376016; Santa Cruz Biotechnology, Inc., Dallas, TX, USA); FOXP3 (cat. no. 236A/E7; Abcam, USA); PD-L1 (cat. no. sp142; GeneTech Biotechnology Co., Ltd.). The positive controls were human tonsils for CTLA4 and FOXP3, and human placenta for PD-L1. An isotype control was used as a negative control for each case stained for CTLA-4, FOXP3 and PD-L1, to control for potential false positive staining. The microscope we use is OLYMPUS, BX46 (Olympus Corporation, Tokyo, Japan) at x40 magnification.
Histological analysis. The double-blind method was used for the interpretation of histological sections by two pathologists. The percentage and average number of positive TILs were calculated in five fields at x40 magnification. Tumor response was evaluated using the tumor regression grade (TRG) system proposed by Dworak et al (22) as follows: i) Grade 0, no regression; ii) grade 1, minor tumor regression, dominant tumor mass with evident fibrosis in £25% of the tumor mass; iii) grade 2, moderate tumor regression, with fibrosis in 26-50% of the tumor mass; iv) grade 3, high tumor regression (>50%), fibrosis in the majority of the tumor mass; and v) grade 4, total tumor regression, absence of viable tumor cells, only fibrotic mass remaining. In the present study, TRGs 3 and 4 indicated a good response to therapy, whereas TRGs 0-2 indicated a poor response to therapy. The mean value was set as the cut-off value for the density of each type of TIL and patients were classified into high-and low-TIL groups based on this cut-off value.
Follow-up. From the initial diagnosis, all patients were followed-up until August 15th 2017, and the median follow-up period was 42 months. All patients were monitored by outpatient appointment or telephone follow-up. Overall survival (OS) was defined as the period from pathological diagnosis to mortality.
Statistical analysis. SPSS version 23.0 (IBM Corp., Armonk, NY, USA) was used for data analysis. The χ 2 test was used to compare categorical data. Data are expressed as the mean ± standard deviation. A t-test was used for group comparisons. Pearson correlation was used for correlation analysis.
The Kaplan-Meier test was used for single-factor analysis of patient survival. The Cox proportional hazard regression model was used for multi-factor analysis of prognosis. P<0.05 was considered to indicate a statistically significant difference.
Results
Patient characteristics. Among the 109 patients, 62 were male and 47 were female. The age of the study population was 32-78 years (mean, 54.78±10.71 years). The pathological types included high differentiation (eight cases), moderate differentiation (76 cases), and low differentiation (25 cases). With respect to the depth of infiltration: 33 cases were in stage T3 and 76 cases were in stage T4. A total of 35 patients did not present lymph node metastasis, whereas 74 patients did present lymph node metastasis. Tumor distance from the anal margin was 0-14 cm (mean 5.02±2.55 cm). Overall, 34 patients had a good response, whereas 75 patients presented a poor response (Table I) .
Evaluation of immune markers. CD4 was expressed on the cell membrane of interstitial TILs (Fig. 1A) . CD8 was expressed in the cytoplasm of interstitial TILs (Fig. 1B) . CTLA4 and FOXP3 were expressed in the cytoplasm of TILs and tumor cells; positive cells were identified by staining ( Fig. 1C and D) . PD-L1 was expressed in the nucleus of TILs and tumor cells; positive cells were identified by staining (Fig. 1E) 
Association between immune markers, clinicopathological features and curative effect pre-and post-neoadjuvant therapy.
Patients with poorly differentiated adenocarcinoma were more likely to have a good response to neoadjuvant therapy (P= 0.007; Table II Fig. 4) .
Comparison between NAC and NACR. The comparison of immune markers, survival time, curative effect and survival rate between NAC and NACR indicated that the percentage of CTLA-4 + TILs-positive cells was significantly higher in NACR compared with NAC (P<0.001). The differences in other indexes were not statistically significant (Table IV) .
Discussion
The results of the present study indicated that the expression of CD4 (23), which may improve the response to neoadjuvant therapy. However, there was no significant difference in the effect of CD4 + TIL and CD8 + TIL levels prior to neoadjuvant therapy on its curative effect, indicating that the effect of chemotherapy and/or radiotherapy on the tumor immune microenvironment may be more important in neoadjuvant therapy compared with the pre-existing local immune response. Following neoadjuvant therapy, prognosis in patients with high CD8 + TIL levels was significantly better compared with patients with low CD8 + TIL levels, suggesting that the levels of CD8 + TILs in the tumor microenvironment may limit the occurrence and development of tumors and improve prognosis in patients with high CD8 + TILs. This result is consistent with those of other studies (24, 25) .
The CTLA-4 costimulatory pathway is a negative signal activated by T cells. In the present study, the expression level of CTLA-4 + TILs post-neoadjuvant therapy was significantly higher compared with pre-neoadjuvant therapy. This result may be due to the killing effect of chemotherapy or chemoradiotherapy in the tumor, leading to the release of vascular endothelial growth factor, interleukin-10 (IL-10), transforming growth factor-β and other inhibitory factors by tumor cells (26) . Moreover, the expression of major histocompatibility complex molecules or costimulatory molecules CD80/86 on the surface of dendritic cells, and CTLA-4 molecules as CD80/86 receptors alters accordingly (26) . However, there was no significant correlation between CTLA-4 + TILs levels and the effect of neoadjuvant therapy pre-and post-neoadjuvant therapy.
Compared with levels prior to neoadjuvant therapy, the number of FOXP3+TILs was not significantly increased following neoadjuvant therapy. However, low numbers of FOXP3+TILs were more effective pre-and post-neoadjuvant therapy. Tregs undergo rapid turnover compared with other T cell subsets and are selectively depleted by a number of chemotherapeutic drugs, including 5-fluorouracil (27) (28) (29) . In numerous patients, selective depletion by chemotherapy may enhance the 'window of opportunity' for anti-tumor immunity and promote tumor regression. However, the possibility that the number of adverse reactions is increased due to Tregs in the neoplasm following neoadjuvant therapy cannot be excluded.
The results of the present study indicate that the prognosis of patients with low expression levels of FOXP3+TILs following neoadjuvant therapy is improved. However, the association between FOXP3 + TILs levels and the occurrence and development of neoplasms remains unclear. Frey et al (30) demonstrated that the high expression level of FOXP3+ TILs is associated with good prognosis, whereas Lin et al (31) reported that levels of FOXP3 + TILs are associated with tumor progression. Therefore, the correlation between FOXP3+TILs and tumor progression requires further investigation.
Anti PD-1 and anti PD-L1 antibodies have been demonstrated to have a notable and lasting effect in patients with melanoma, renal cell carcinoma and non-small cell lung cancer (31) . However, clinical trials have demonstrated that the blocking effect of anti PD-1 or PD-L1 antibodies in rectal cancer is poor (32) . In the present study, the percentage of positive PD-L1 + TILs post-neoadjuvant therapy was lower compared with pre-neoadjuvant therapy. However, the effect of chemotherapy on the expression levels of PD-L1 is unknown. Saigusa et al (33) used quantitative polymerase chain reaction analysis to measure alterations in the expression levels of the PD-L1 gene in four types of colon cancer cell lines, prior to irradiation and 1, 3, and 5 days following irradiation. It was observed that the expression levels of PD-L1 were reduced following irradiation. However, the mechanism underlying this process requires further investigation. Patients with high expression levels of PD-L1 + TILs pre-and post-neoadjuvant therapy may achieve a good therapeutic response, which contradicts the results of a previous study (33) . The PD-1/PD-Ll signaling pathway may serve a negative role in regulating T cells through multiple mechanisms, although PD-1 is not the only receptor mediating PD-L1 activity. PD-L1 also causes apoptosis of PD-1-negative T lymphocytes, suggesting that there may be additional receptors expressed on T lymphocytes that bind to PD-L1 and induce immunosuppression (34) . Moreover, in contrast with its immunosuppressive activity, PD-L1 may also stimulate the immune response. PD-L1 protein in combination with low levels of anti-CD3 antibody in resting T cells may enhance the proliferation of T cells as well as the secretion of IL-10 and IFN γ-1b (35) . These contradictory results suggest that PD-L1 may have multiple receptors, which exert different immunomodulatory effects through binding with different receptors (36) . Single factor analysis Multifactor analysis A previous study (37) reported that CTLA-4 and FOXP3 may inhibit the activation of T cells, however the results indicated no statistically significant association between the expression levels of CD4 (40) . In addition, studies have demonstrated that radiation may increase the proportion of Treg cells in humans (41, 42) , and Tregs may induce the expression of CTLA-4 through various pathways. Moreover, the present study observed a positive correlation between CTLA-4 + TIL levels and FOXP3 + TIL levels, which also supports this hypothesis. In addition, it was reported that NACR was more effective and increased the OS compared with NAC; however, the difference was not statistically significant, which may be due to the small sample size.
Compared with previous studies, the number of patients in the current study was notably larger; the majority of studies currently in the literature were conducted with <100 patients (33, 43, 44) . In the analysis, the differences between the two methods of NAC and NACR were compared, and it was reported that the effects of these two treatments on numerous immune factors differed. However, the association between these indicators and the curative effect or prognosis with different treatment methods was not analyzed. There may be a number of differences in the results due to differences in the criteria for evaluating the pathological response and the standard of interpretation of IHC.
In conclusion, CD4 
